. Clinically, some simple ratio such as end-diastolic volume to pressure (EDV/EDP) has been used as an index of ventricular compliance. However, the P-V relation of the left ventricle is curvilinear, and compliance is a function of the diastolic pressure. Thus, any simple ratio of pressure to volume proves inadequate as an index of ventricular compliance.
Since the length-tension relationship of the isolated cat papillary muscle is perfectly exponential, Diamond et al. (1971) assumed that the ventricular pressurevolume relationship was also exponential in the form of P=XeaV-(b/a), where P and V were intraventricular pressure and volume respectively, and X, a, and b are constants. From this result, it was concluded that constant a of this function provided a sensitive means for detecting changes in the left ventricular wall stiffness. However, Mirsky and Parmley (1973) pointed out that the constant was of limited use in detecting the changes of wall stiffness in individual hearts and was not adequate for a comparative study, because of its considerable variability from case to case (Mirsky and Parmley 1973) .
On the other hand, Mirsky and Parmley (1973) made another different approach to quantifying the stiffness of the left ventricular wall. Postulating that the left ventricle is an ellipsoid of revolution, they derived the stress (a)-strain (E) relationship of the left ventricular midwall layer from left ventricular pressurevolume relationship. On this basis, the passive stiffness (da/de) and stiffness constants were explored as sensitive indices of left ventricular wall stiffness.
However, the wall stiffness is only one of the several determinants of the pressure-volume relation and overall ventricular compliance. Other factorsespecially chamber geometry and right ventricular pressure -also influence the final P-V relationship (Laks et al. 1967; Diamond et al. 1971 ). The purpose of this study is to find a reliable index of left ventricular compliance which has desirable normalization properties, and to correlate it with some factors in the isolated potassium-arrested canine left ventricle.
METHODS AND MATERIALS
Fifteen adult mongrel dogs weighing 5-29 kg were used. After anesthesia with pentobarbital sodium 30 mg/kg, iv, ventilation with room air was provided by a Harvard respiratory pump and left thoracotomy was performed. A large-bore (no. 20 French size) canula with a side hole was inserted via the brachiocepalic artery, and loose tapes were passed around the aortic arch and the right subclavian artery. A 50 ml syringe was then filled with 45 ml of saline and 5 ml of 25% potassium citrate and attached to the large-bore canula. The potassium-saline solution was injected manually as rapidly as possible, until the heart was arrested. Partial constriction of the left subclavian artery and the aorta was performed during this maneuver to facilitate the perfusion of the coronary arteries with the arresting solution as described by Ross et al. (1967) . After cardiac arrest, the heart was dissected free of the pericardium and intrathoracic organs. Both ventricles were washed free of blood with saline. Rubber-plugs with two non-distensible 8F tubes were inserted into the left and right ventricles via the atrio-ventricular valves and secured by a heavy cotton tie around the atrio-ventricular groove. A modified Gregg's canula was inserted via the aorta and its tip was ligated firmly into the origin of the left main coronary artery as in the report of Yoran et al . (1973) . After the air in both ventricles was expelled carefully, ventricular outflow tracts were tightly wrapped with a heavy cotton tie at the level of the semilunar valves. Then, the heart was suspended from a ringstand in the air and the long axis of the left ventricle was fixed perpendicular by a hemostat affixed to the transsected aortic root.
The point at one third from the base of the left ventricle along the longitudinal axis was used as zero reference.
One of "tricuspidal" catheters was attached to a reservoir and the right ventricular pressure was fixed at 5 mmHg by adjusting the height of the reservoir. The other was attached to a pressure transducer (Nihon Koden Co. MPU-0.5).
One of the "mitral" catheters was attached to a pressure transducer (Nihon Koden Co. LPU-0.1) and the other to a 100 ml syringe.
This syringe was connected to a linear transducer (Sanei Sokki Co.). The volume infused from the syringe was measured with this linear transducer. The left ventricle was infused via the mitral catheter attached to the syringe, while the right ventricular pressure remained at 5 mmHg.
The left ventricular pressure-volume relation was recorded on an X-Y recorder (Watanabe Co. WX-477) and simultaneously the pressures of both ventricles were recorded on a two channel Recti-graph (Sanei Sokki Co. 8S-12-3) (Fig. 1) .
After pressure-volume relation of the left ventricle was recorded several times, left ventricular pressure was fixed at 10 cmH2O. A 50 to 100 ml of fixation fluid were then infused manually via the modified Gregg's canula and perfusion fixation of the left ventricle was performed.
The composition of the fixation fluid was 2% glutaraldehyde and 2% formalin in a phosphate buffer at pH 7.4. The time required for this procedure after potassium-arrest was approximately 25 min on the average, and in no case it exceeded 30 min.
After the fixation, the atriums were dissected at the atrioventricular grooves, and the left ventricular weight was registered after dissecting the right ventricle according to Fulton's method. Then the left intra-ventricular volume was measured and the left ventricle was severed by transverse sections at a pressure level of 0 cmH2O. The outer and inner borders of cross sections of the ventricle were traced and the areas enclosed by respective borders were measured with a planimeter.
Assuming that the ventricular cross Factors which influence pressure-volume relation and half-inflation pressure Left ventricular weight and ventricular volume. Fig. 4a and b shows the relation between the half-inflation pressure and left ventricular weight (LVW) or volume (LVVp=h) at the half-inflation pressure.
There were no correlations between the half-inflation pressure (h) and left ventricular weight (LVW) or volume (LVVp=h) at the half-inflation pressure. The left ventricular volume at the half-inflation pressure was calculated from each pressure-volume curve and LVV at a pressure of 10 cmH2O. There was a remarkable correlation between the half-inflation pressure and the left ventricular weight-volume ratio at the half-inflation pressure (LVW/LVVp=h) as demonstrated in Fig. 5 a with a correlation coefficient r=0.82 (p<0.05) .
Wall-stiffness. In normal hearts, the ratio of the half-inflation pressure to LVW/LVVp=h and the wall-thickness ratio were relatively constant. In rigor mortis, the ratios were apparently higher than those of normal hearts and the differences were statistically significant at p<0.01 (Fig. 6a and b) . Consequently, we concluded that the ratio of h/LVW/LVVp=h and h/[(r0-ri)/ri]p=h were related to the left ventricular wall-stiffness.
Initial volume (V D). No correlation was found between the half-inflation pressure and the calculated left ventricular initial volume. The left ventricular initial volume was calculated from LWp=10 cmH3O and actual P-V curve.
Wall-thickness and left ventricular internal radius. Fig. 5b shows the relation between the half-inflation pressure and the ratio of the left ventricular wall-thickness to internal radius at the half-inflation pressure.
There was a distinct correlation between the half-inflation pressure and the wall-thickness ratio at the half-inflation pressure [(r0-ri)/ri]p=h (r=0.75, p<0.05). The wall-thickness ratio at the half-inflation pressure was calculated from the equation of Appendix 2. Not only the ventricular wall-stiffness, but also such factors as ventricular weight and volume which influence the pressure-volume relationship of the left ventricle were taken into consideration. The purpose of the present study is to assess the influence of these determinants on the pressure-volume relation and to find an index of ventricular compliance which is sufficiently sensitive to changes in these determinants.
According to Diamond et al.'s study (1971) , the left ventricular pressure is given by an exponential function of the left ventricular volume. In our study, on the contrary, the actual change in ventricular volume could be expressed as an exponential function of the pressure as shown in Eq. 1 and this relation is confirmed by graphical analysis.
According to Sonnenblick et al. (1964) , actively developed tension of the myocardial cell is a function of the initial fiber length or sarcomere length. There fore, in assessing the cardiac function it is necessary to definee the preload of each ventricle in reference to the length of the cardiac muscle fiber or sarcomere length.
On the assumption that the left ventricle is an elastic sphere of uniform wall thickness, the tangential stress of the left ventricular wall (St) is expressed as follows:
on account of the modified Laplace equation, where R is the mean radius of the ventricle, P transmural pressure, and h wall-thickness.
When the ratio of internal radius to wall thickness (R/h=k) remains constant, the equation can be then reduced to St=2kP. If geometrically similar shape is sustained in the hearts of different sizes, the sarcomere length will be a linear function of filling pressure, provided that the passive sarcomere length-resting ten sion curve for the left ventricular myocardium is unchanged (Leyton 1974 If ‡™V is given as an exponential function of P, we obtain ‡™ V = a-be-cP.
When
P;=ih, h being a constant, then ‡™ V, = a-be-ci.h ‡™ V = a-be-c"" = a-be-cih.e-ch and ‡™Vi+2=a-be-c" +2/h=a-be-cih.e-2ch
If Qi and Qi+1 are defined on an x-y rectangular coordinate system as Qi = (xi,yi) = ( ‡™Vi, ‡™Vi+i ) andQi+1 = (xi+1, yi+1) = ( ‡™V i+1, QV i+2), there is the following relation:
Because ch is a constant, Qi and Qi+1 are on the same straight line irrespective of i.
Appendix 2
On the assumption that the left ventricle is a thick spherical shell, the external and internal radii of the left ventricle are calculated as follows. If the volume of the left ventricle at the half-inflation pressure is given, the internal radius of the left ventricle is calculated from as Assuming that the myocardium of the left ventricle is non-compressive and its specific density is 1.00, the external radius of the left ventricle is obtained from and as
The wall-thickness ratio at the half-inflation pressure is consequently
